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The most striking result of a study of the process of chemosynthesis (synthe- 
sis of all materials from CO2 using  chemical energy obtained by oxidation) 
in the autotrophic bacterium, Thiobacillus thiooxidans, was the ability of the 
cell to store up the energy derived from sulfur oxidation in an available  form 
which could be used for COs fixation under conditions in which sulfur oxidation 
was impossible (Vogler, 1942).  This ability to store the energy of sulfur oxi- 
dation in the cell seems to differentiate the process of chemosynthesis from that 
of photosynthesis except that definitive experiments  in photosynthesis are not 
yet available.  It was of considerable interest to determine the nature of this 
readily available storage product.  The data contained in this paper show that 
the oxidation of sulfur is directly coupled to transfers of inorganic phosphorus 
from the medium to the cells.  They also show that CO2 uptake is coupled to 
transfers of inorganic  phosphate from the cell to the medium and that CO~ 
fixation is dependent, in the absence of concomitant sulfur oxidation, upon the 
amount of phosphate previously taken up  during sulfur oxidation.  These 
relationships  strongly suggest that the energy storage product is a phosphoryl- 
ated compound and that the energy is stored in the cell as phosphate bond 
energy (cf. Lipmann, 1941).  Such a finding relates the process of energy stor- 
age and transfer in the autotrophic bacterium to that of heterotrophic organ- 
isms (cf. Kalckar, 1941; Lipmann, 1941). 
EXPERIMENTAL 
It was  observed  in several  experiments  that ThiobaciUus thiooxidans  does 
not take up or release significant amounts of inorganic phosphate during sulfur 
oxidation by resting cells in the presence of COs.  During respiration in the 
absence of sulfur there were small changes in the level of inorganic phosphate 
in  the  medium and  during  prolonged  endogenous  respiration  considerable 
phosphate appeared in the medium.  It was then found that during sulfur 
oxidation in the absence of CO2, inorganic phosphate was taken up by the cells. 
These occurred in such a manner that they might be related to the chemosyn- 
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thetic process and with the development of accurate methods for estimating 
the CO2 fixation (Vogler, 1942) and phosphate (O'Kane, 1941) it became pos- 
sible to study more closely this phosphate metabolism.  A number of experi- 
ments were done.  Ultimately, however, the several factors involved must be 
studied simultaneously.  An experiment in which this was done is illustrated 
in Fig. 1, based upon the data of Table I which also includes other information 
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FIG.  1.  Phosphate  changes  during respiration  and  COs  fixation  by Thiobacillus 
thiooxidans.  See text. 
which it is not convenient to illustrate  in the figure.  The experiment is de- 
scribed briefly below: 
Experiment/.--To a suspension of 8 day old cells in distilled water,  KH2PO4 was 
added to obtain a final concentration of 23.7 micrograms phosphorus per ml.  100 ml. 
of this suspension (containing 168 micrograms nitrogen per ml. as bacterial  cells) were 
aerated with air for 44 hours.  Samples of 4 ml. were removed  at intervals,  mixed 
with 1 ml. trichloroacetic  acid (100 per cent), and centrifuged.  In the supernatant 
fluid inorganic phosphate was determined  on duplicate  2 ml. sa~nples by the method 
of Fiske and Subbarrow  (O'Kane, 1941).  This method uses the Evelyn photoelectric 
colorimeter and determines  orthophosphate in amounts of from 10 to 80 micrograms 
with a minimum precision of 0.4 micrograms. 
On samples of 3 ml. drawn at the zero hour (point A in Fig.  1) and after 24 hours 
aeration (point B, Fig. 1) the endogenous respiration  and the CO2 uptake were deter- 
mined.  After 24 hours aeration three samples of 5 ml. were placed in Dixon-Keilin 
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To 20 ml. of the remaining stock suspension 4 ml. sulfur suspension was added and 
the  aeration  was  continued  with  CO2-free  air.  During  this  treatment  inorganic 
phosphate disappeared from the medium until after 4 hours a  sample was taken and 
TABLE I 
Phosphorus Changes during Respiration of Thiobacillus Thiooxidans 
Aeration in the absence of sulfur 
Hours  Inorganic  P  Standard  Q02 (N) in  CO2 u~?tske  Samples 
per ml.  deviation*  absence of sulfur  in rt2 
0 
3 
6 
9 
12 
24 
30 
36 
44 
micrograms 
23.7 
23.7 
23.0 
24.5 
29.4 
30.0 
31.9 
32.4 
33.6 
0.1 
0.1 
0.0 
0.1 
0.1 
0.1 
0.1 
0.0 
0.1 
8.2 
2.0 
15.0 
0.0 
20 ml. sample removed at B plus 4 nil. sulfur suspension: 
Time  Treatment  Hours  Inorganic P  Standard deviation* 
24 
28 
29 
30 
Air; no C(:h 
Air; no CO2 
CO2 only 
CO~ only 
0 
4 
5 
6] 
30.0 
27.7 
29.5 
30.0 
0.1 
0.1 
0.0 
0.1 
Sam des in Dixon-Keilin flasks: 
Flask 15 ml.  Flask 4 5 ml. 
Gas  sample B +  1  Flask 2 as  Flask 3 as  sample A +  1 
phase  mL sulfur  flask I  flask 1  ml. sulfur 
suspension  suspension 
Air  Time of oxidation ...... 
CO2 uptake ............ 
Initial PO4-P ........... 
Final PO4-P ............ 
PO4-P uptake .......... 
CO~ uptake ............ 
2hrs. 
220 al. 
30.0 
29.5 
0.5 
32 ~1. 
4 hrs. 
540 ~1. 
30.0 
28.0 
2.0 
72 ~1. 
6 hrs. 
1070 #I. 
30.0 
27.5 
2.5 
80 ~1. 
6 hrs. 
1650 al. 
23.7 
19.8 
3.9 
125 al. 
All data on phosphorus in terms of micrograms phosphorus per 168 micrograms bacterial 
nitrogen.  Oxygen uptake and CO2 uptake recorded per 168 micrograms bacterial nitrogen. 
* Standard  deviation  of  the  mean. 
CO2-free air was replaced with a  stream  of 02-free  CO2.  Samples then were taken 
after 1 hour and after 21/~ hours (solid line from point B, Fig. 1). 
The three  samples  in Dixon-Keilin flasks were placed in the Warburg  apparatus 
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flask for a phosphate determination.  This flask was then placed back in the Warburg 
and its atmosphere  replaced with hydrogen.  Mter 1 hour, when the lack of uptake 
indicated the absence of 02, CO2 was added in known amounts.  CO~ uptake occurred 
in all flasks.  The amount of CO~ uptake under hydrogen is shown in the bar graph 
of Fig. 1. 
The addition of the sulfur suspension in the early part of the experiment altered the 
concentrations  of cells and phosphate.  All data on phosphate have been calculated 
back, however, to the original suspension of 168 microgram N/ml.  The data used in 
the figure plus certain other information that cannot be recorded conveniently in the 
graph are given in Table I. 
The data show that endogenously the cells released phosphorus in an inor- 
ganic form after the first 6 hour period during which no change was apparent. 
When the suspension was supplied with sulfur and aerated with CO~-free air 
(solid line-point B) there was an uptake of inorganic PO4.  When oxygen was 
removed, however, and replaced by pure CO2 (from 28 to 31½ hours) this PO4 
was again released.  It was released rather rapidly, most of it appearing in 
the 1st hour, which correlates well with the observations in the previous paper 
(Vogler,  1942) which show that most of CO2 uptake in the absence of sulfur 
occurs in the 1st hour.  There is thus a strong indication that this phosphate 
release is connected with CO~ synthesis which is occurring in the absence of 
oxygen. 
Even more significant are  the  data obtained in the  Warburg flasks.  At 
point A the suspension placed on sulfur took up  1650 #1. 02 (per 168 micro- 
grams cell nitrogen) over a period of 6 hours in the absence of CO2 (Qo,(N)  -- 
1635).  During this time 3.9 micrograms of phosphorus (per 168 micrograms 
cell nitrogen) were taken up as well.  After 24 hours aeration (at point B) the 
suspension took up 220, 640, and 1070 #1. O~ (per 168 micrograms cell nitro- 
gen),  after 2, 4,  and 6 hours,  respectively, on sulfur in the absence  of CO2. 
During these periods 0.5, 2, and 2.5 micrograms phosphorus were taken up. 
That is, in both of these cases during sulfur oxidation (in the absence of CO2) 
phosphate was taken up by the cells.  When these cells  were placed in an 
atmosphere of hydrogen free from oxygen (so that there could be  no further 
oxidation of the sulfur) and CO2 was supplied, the CO2 uptake was proportional 
to the phosphate that had been taken up previously.  The actual figures show 
that close to 32/~1. CO2 were taken up per microgram of phosphorus.  Since 
22.4 #1. CO2 is equal to 1 micromol, and since 31 micrograms of phosphorus 
equal 1 micromol, the molar ratio of CO2/PO4  =  44.  The data on phosphorus 
uptake in this series, however, are really not suitable for such calculations since 
the suspensions were heavy.  As a  result only a  small part of the cells was 
attached to sulfur whereas the majority were in suspension and continued to 
liberate phosphate.  This probably accounts for the low phosphate  uptake 
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creasing rate of O~ uptake (Qo,(N): at point A  =  1635,  at B, 2 hours 655, 4 
hours 950,  6 hours  1060). 
There is one point that needs re-emphasis; namely, that the COs uptake in 
the absence of oxygen is proportional to the PO, taken up during the previous 
oxidation and not  to the  time through  which  this  oxidation occurred.  For 
example, in the samples taken at point B, there was not much difference be- 
tween those  oxidations taking place for 4  or 6  hours  with  respect to either 
PO4 or COs taken up.  It therefore appears as though  there were a  limited 
amount of the energy storage product and that under the physiological condi- 
tions existing at B, this became almost saturated in 4 hours.  It is apparent 
that the energy storage product formed during sulfur oxidation is related to 
the phosphorus changes. 
It has previously been mentioned (Vogler et al., 1942)  that under the condi- 
tions of our experiments most of the cells are in contact with the sulfur particles 
when the concentration of bacterial nitrogen is 20 micrograms per  ml. (Qo, 
(N)  becomes  constant  at  a  high  level).  Since  the  method  of phosphorus 
determination is most accurate over a  range between  10 and  70 micrograms 
(precision 0.4 micrograms) and since the amount of phosphorus exchanged is of 
the order of 3  to 4  micrograms phosphorus per 200  micrograms of bacterial 
nitrogen,  large  samples  of  dilute  suspensions  are  necessary  for  phosphorus 
determinations.  Moreover,  a  determination  of  the  percentage  of  the  cells 
attached  to  the  sulfur  is  necessary.  This  latter  may  be  accomplished  by 
measuring the turbidity of the fluid after the sulfur (and attached organisms) 
have settled and is most conveniently expressed in terms of bacterial nitrogen. 
An experiment conducted with these principles in mind gave results as follows: 
Experiment II.--A suspension  of 8 day old ceils in a phosphate solution was diluted 
so that it contained 20 micrograms bacterial nitrogen per ml. and adjusted  to 20 
micrograms per ml. phosphate.  This suspension  was kept overnight for 12 hours at 
room temperature, in order to allow any diffusion effects to come to equilibrium.  60 
ml. of this suspension were then pipetted into 124 ml. Warburg flasks, and sulfur was 
added.  Aliquotes of 10 ml. were withdrawn at the intervals indicated in Table II 
for determinations of inorganic phosphate, and cells not attached to sulfur.  1 ml. 
trichloracetic acid (I00 per cent)  was added after the turbidity due to unattached 
cells had been determined and the samples were kept in the refrigerator until the 
experiment was complete, when inorganic phosphate was determined on all simul- 
taneously. 
The sulfur settled out to the bottom of the flask when the flasks were not shaken; 
the samples therefore were virtually free from sulfur particles, which might interfere 
with the determinations, and they contained only cells suspended in the medium, but 
none attached to sulfur particles. 
Sulfur oxidation was measured within 20 minutes after the sulfur had been added. 
The O3 uptake during those 20 minutes may be disregarded.  Mter sulfur oxidation 
had continued for 3 hours the flasks were aerated with Hs for 1 hour, then with Ns 162  M~TABOLISM O~' AUTOTROPHIC BACTERIA.  ILI 
for another hour.  The absence of 02 was apparent from the lack of uptake.  Known 
amounts of CO2 were then added to give a concentration of about 2 per cent COs.  A 
control containing no sulfur was carried through the same procedure. 
It is apparent (Table II) that some time after the 1st hour most of the cells 
became attached  to the sulfur since the nitrogen content  of the supernatant 
fluid (measured by cell turbidity) dropped from the original 20 micrograms per 
ml. to 3.5 micrograms. 
During the 1st hour there was accordingly no uptake of phosphate and little 
of oxygen.  During the next 2 hours the cells attached themselves to the sulfur 
and  from the  average amount  of cells  attached  (16.5/2=)  8.3  micrograms 
bacterial nitrogen per ml., one can  calculate that the average  Qo,(N)  of the 
cells over this period was 1253. 
TABLE II 
Phosphorus Changes during Respiration and  Cheraosynthesis by  Thiobacillus Tkiooxidans 
Time 
.~r$. 
0 
1 
3 
5 
Vol. 
ml. 
60 
50 
40 
20 
20 
Gas phase 
Air; no CO2 
t~ 
H~ 1 hr. 
N2 1 hr. 
N2 2 per cent CO2 
With sulfur 
gas uptake 
160 02 
1002 O~ 
0 
200 C02 
N  : 1111. 
ml,  ~ram,. 
.0 
.0 
.5 
.5 
.2 
P per 10 ml. 
34.1 
30.2 
29.9 
32.9 
Without 
sulfur 
microgram 
P per 10 
ml. 
33.7 
34.0 
34.0 
34.2 
During the next 2 hours, in  which there was no oxygen awilable, there was 
no gaseous uptake  and very little phosphate change  (0.3  micrograms per 10 
ml.)  which  is about  the limit  of the analytical method  and  which  could  be 
accounted for by the oxygen uptake occurring before the hydrogen has entirely 
replaced the air.  As soon as all the  oxygen was removed, there was no further 
uptake indicating that hydrogen is  inactive in this organism.  In order to be 
sure that  the hydrogen was not  combining with the  CO2 it was replaced by 
nitrogen before the CO2 was  added, although in other cases this replacement 
was not  necessary and hydrogen appears to be as inert  as nitrogen for this 
organism.  During this period a  few more organisms attached themselves to 
the  sulfur.  These probably played no part  in  the  phosphate  changes since 
they had no opportunity to replenish their phosphate or energy stores even in 
the presence of sulfur since there was no oxygen available for oxidation. 
From the results of both experiments it is apparent that: 
1.  During  sulfur  oxidation  in the  absence  of CO2,  inorganic phosphate  is 
taken up by the  cells.  It thus appears that  the  sulfur oxidation is coupled 
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2.  During COs fixation PO~ is released in an amount proportional to the COs 
fixed.  It  thus  appears  that  the  COs fixation is  coupled with  the  release of 
phosphate. 
From  this  information  one  is  able  to  conclude  that  the  energy  reservoir 
accumulated in the cell by sulfur oxidation and usable for COs fixation if COs 
is available, is a  phosphorylated compound  (or compounds). 
Qualitative  vs. Quantitative  Interpretations 
We have so far confined our attentions to the qualitative aspects of the phosphate 
exchange.  These, we feel, are justified since we are working with intact living cells, 
in which the phosphate exchanges are not stoichiometrically related to energy or even 
to phosphate transfers because sources of phosphate other than inorganic within the 
living cell may be changed from one energy level to another without apparent change 
in  the phosphate contents  of the  cell or surrounding menstruum.  However, it is 
possible to show that there is a quantitative relationship between the phosphate and 
the sulfur oxidation and between the phosphate and the CO2 fixation.  Both experi- 
ments show that it takes about 70 to 80 mols of oxygen to take up 1 tool of phosphate 
and that the release of 1 tool of phosphate  fixes  from 40 to  50 tools of COy  For 
example in Experiment II, during the time of oxidation 21 ul. of Os were taken up per 
ml.  of suspensions and 0.39  microgram of phosphorus disappeared giving a  molar 
Os/PO4 ration of  74.  Similarly 10 ul. of COs were fixed per ml. and 0.3 microgram 
PO4-P was released, giving a molar COs/PO, ratio of 46.  If these ratios be calculated 
upon the basis of the number of organisms actually in contact with sulfur they are 
slightly modified to: O2/PO4  =  72; CO2/PO4  =  47. 
Such ratios are useful in two ways.  First, from them one can calculate the Os/COs 
ratio (1.58,  1.53)  which can be compared with the ratio available from thermody- 
namic calculations (1.49).  In this case, therefore, it appears that a little more oxygen 
has been used than should have been thermodynamically necessary, but the efficiency 
appears very high.  These calculations are included to show that even on a quantita- 
tive basis there are relationships between the Os, the COs, and the PO4 which bear a 
reasonable resemblance to  what  would be expected.  At  the present  state  of our 
knowledge we cannot be certain that the values are real.  The agreement between 
the  thermodynamic and  experimental values may be entirely fortuitous.  For ex- 
ample, one cannot be certain, from the data available, that the autotrophic bacterium 
has converted the fixed COs into carbohydrate, which is the compound used for calcu- 
lating  the  thermodynamic  ratios. 
A  second use for these ratios is the determination of the phosphate bond energy 
(cf. Lipmann, 1941).  If it requires 72 tools of Os for each tool of PO,, then the phos- 
phate bond would contain 5,688,000  calories since each tool of oxygen can liberate 
79,000  calories of free energy from the oxidation of sulfur.  If 47 tools COs are syn- 
thesized to carbohydrate by 1 tool PO4 the phosphate bond energy would be 5,952,000. 
The energy-rich phosphate bonds in heterotrophic tissues contain ca.  10,000  calories, 
and there is no reason to believe that the ones produced here are any different.  The 
high  energies calculated, therefore, indicate that  the phosphate changes measured 
are only a  portion of those which actually occurred.  This is due to two factors. 
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surrounding the cell, and since this organism is not sensitive to acid (it will respire for 
almost an hour in 5 per cent trichloroacetic acid) the permeability of the cell mem- 
brane becomes an important factor.  One can, upon the basis  of the assumption of 
a Donnan equilibrium, calculate the "real" phosphate changes, but these calculations 
involve so many assumptions that at the present time it does not appear worth while 
to include them.  Two, there is evidence for a whole series  of phosphorylated com- 
pounds in the autotroph  (O'Kane,  1941)  and the phosphate energy carrier  formed 
during sulfur oxidation would, in all probability, be in equilibrium with these other 
esters.  Its formation during sulfur oxidation would result in a shift in the concen- 
trations of a number of phosphorylated compounds, all of which are not detected in 
the changes in inorganic phosphate.  Attempts to measure these other compounds 
have been limited by the lack of suitable micro-methods.  The phosphate taken up 
during sulfur oxidation is thus probably passed on (at least in part)  to other phos- 
phorus compounds and is probably not immediately released as inorganic phosphate 
during C02 fixation.  In fact the data suggest that the phosphate uptake occurs after 
the active phosphorus compounds in the cell have been raised to a high energy level. 
The rate of uptake at point B  (Fig. 1) for 2 hours and 4 hours is suggestive of this 
phenomena.  Also,  the  cells  at  point A  (Fig.  1),  although already containing the 
energy carrier (as evidenced by their ability to fix COs in the absence of sulfur, see 
Table I), still had the capacity to take up further phosphate, which is in accord with 
the conception outlined above.  Many of the phenomena concerned with young and 
old cells are readily explainable upon this basis.  The breakdown of organic storage 
products occurs only when the depletion of the energy carrier compounds requires a 
shift in the equilibrium of the whole system and proceeds only as far as is necessary 
to  establish  the  overall  equilibrium.  Thus,  "young"  suspensions,  being  high  in 
energy carrier compounds, have a  very low endogenous respiration.  During sulfur 
oxidation energy-rich phosphate bonds are accumulated resulting in a general increase 
in phosphorylated compounds and a concomitant increase in the energy level of many 
cell  constituents  as well as an increase in their amounts.  ~[ohnson (1941)  has em- 
ployed a somewhat similar concept for the explanation of the Pasteur effect in hetero- 
trophic tissues. 
Phosphate Inhibition 
The previous sections have indicated that the energy from the sulfur oxida- 
tion  can  be  converted  to  energy  of phosphorylation.  This  does  not  go  on 
indefinitely,  however,  and  only a  certain  amount  of phosphate  is  taken  up. 
Yet,  in the  Warburg flask,  sulfur  oxidation goes on for hours  at  a  constant 
rate  in the  actual absence  of CO~.  While  it  is  conceivable that  the energy 
built up in the form of the phosphorylated energy compound could be used in 
other cell activities,  e.g. synthesis of nitrogenous compounds, etc.,  in the ab- 
sence of CO2 and available nitrogen these synthetic actions could not account 
for a  continued  sulfur  oxidation.  It  is  therefore  difficult  to  see  how  sulfur 
oxiclation could continue at a  constant rate in the absence of carbon dioxide. 
One possible explanation of this  experimental fact would be that the energy 
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and  that  these  agents  therefore  permit  continued  sulfur  oxidation.  It  is 
sometimes possible to inhibit phosphotases by meaus of inorganic phosphate. 
The inhibition is thought to be  due to  the competition between the substrate 
and the phosphate for the enzyme.  If the breakdown of the phosphorylated 
energy storage material by phosphotases is the explanation of continued sulfur 
oxidation in  the  absence  of  carbon  dioxide, it  should be  possible to  inhibit 
sulfur oxidation by increasing quantities of phosphate when carbon dioxide is 
absent but sulfur oxidation should not be so inhibited in the presence of car- 
bon dioxide. 
Flasks containing  3  ml.  suspen- 
sion  of  20  micrograms bacterial 
nitrogen  per  ml. 
CO2 
added 
Before addition  of CC 
QO* (iN) 
20  0 
640  I  380 
700  I  720 
2  ~  KH2PO4  ............. 
0.2  ~  KI"I2P04  ........... 
0.02 u KH2PO4 .......... 
0.0002 ~, KHsPO4  ........ 
184 
168 
238 
206 
(3) 
TABLE III 
The Inkibitory  Effect of Pkospkate  on Sulfur Oxidatica 
CO2  OF  Total 
taken up  taken up  uptake 
74  7  81 
103  181  284 
121  174  295 
29  '  250  279 
QO, + 
QCO, (N) 
670 
2380 
2480 
2320 
Over 2 hr.-period 240-360 rain. 
I  ,s,  I  `6,  I  ,, 
Counteracting Possible Osmotic Influences 
Flasks containing the same suspension 
0o,  (N) 
0.5 ~l KH~PO4 -t- 0 ~ MgSO4  .............................. 
0.1 M KI-I2PO4 -I- 0.4 M MgSO4  ........................... 
0.02 ~ KH2P04  -]- 0.48 M MgSO4  ......................... 
0.004 M KH2PO4 -]- 0.496 ~ MgSO4  ....................... 
225  210 
740  970 
760  1060 
960  1170 
0-30  mln.  480-510 mln. 
Experiment IlL--Young  cells with a low level of endogenous respiration (suspen- 
sion harvested from an 8 day old culture) were suspended with sulfur in solutions of 
KH~PO4 of different concentrations at pH 4.8.  Each flask contained 3 ml. suspen- 
sions containing 20 micrograms of bacterial N/ml.  The Qo,(N) values were obtained 
with KOH in the center cup, from 30 to 90 minutes after the cells had been suspended 
in the phosphate solution and in the 3rd hour after that time.  Immediately there- 
after, strong H2SO4 was added to neutralize the KOH in the centercups.  CO~ was 
added to each flask in a known amount and the uptake of COs and O~ measured during 
the next 2 hour period. 
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It is apparent that the rate of sulfur oxidation is inhibited by higher phos- 
phate concentration, as was postulated ill the previous discussion.  Two molar 
KHzPO4 was perhaps introducing other effects, but the lower quantities show 
the effect clearly (particularly column 2).  If COs be supplied, however, which 
provides an alternative use for the energy storage material, the phosphate inhi- 
bition is overcome and the total uptake (column 6) is virtually constant.  After 
COs had been added approximately equal quantities of this gas were taken up 
in presence of phosphate (column 4) and far less in the suspension containing 
only 0.0002 M phosphate (cells without added P04). 
Since it is possible that the observed effects might be due to osmotic relations, 
an experiment was done in which the osmotic pressure  was held constant by 
additions of MgS04  (lower part of Table III) but the same effects were noted 
(i.e., lower sulfur oxidation with increased phosphate). 
We therefore feel that the continued oxidation of sulfur in Warburg flasks 
in the absence of COs is due to the continual release of inorganic phosphate by 
the phosphotases  in the cell.  These can be inhibited by increases in the phos- 
phate content of the medium which thereby inhibits sulfur oxidation.  If C02 
is supplied it serves as an alternative use for the P04 coming from sulfur oxi- 
dation and relieves the phosphate inhibition.  This provides further evidence 
that P04 is concerned both in sulfur oxidation and in CO~ fixation. 
SUMMARY 
In the autotrophic bacterium, Thiobacillus thiooxidans, the oxidation  of sulfur 
is coupled to transfers of phosphate from the medium to the cells.  C02 fixation 
is coupled to transfers of inorganic phosphate from the cells to the medium and 
is  dependent, in  the  absence  of  concomitant  sulfur  oxidation,  upon  the 
amount of phosphate previously taken up during sulfur oxidation.  The energy 
reservoir, which is formed by sulfur oxidation in the absence of CO2 and which 
can be released for the fixation of C02 under conditions which do not permit 
sulfur oxidation,  is a phosphorylated compound and the data suggest that the 
energy is stored in the cell as phosphate bond energy.  It is possible to oxidize 
sulfur at a  constant rate for hours in the absence  of COs.  The phosphate 
energy formed during this process is probably released by cell phosphotases. 
It is possible to inhibit these phosphotases  by means of inorganic phosphate 
and thus to inhibit sulfur oxidation in the absence of COs.  In the presence of 
COs, where alternative uses for the phosphate energy are available,  the inhi- 
bition is  relieved.  Sulfur  oxidation (energy  input)  is  coupled,  not  to  CO~ 
fixation, but to phosphate esterification.  COs fixation (energy utilization) is 
coupled with phosphate release. K.  G.  VOGLER AND  W.  W.  UMBREIT  167 
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